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(54) NITRIDE SEMICONDUCTOR LIGHT EMITTING DIODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor light emitting diode having an emission 
peak wavelength of 370 nm or below in which a good 
ohmic contact can be obtained and emission output can 
be enhanced by suppressing self absorption. 
SOLUTION: An active layer comprises a nitride 
semiconductor layer having an emission peak wavelength 
of 370 nm or below. A p-type contact layer comprises a 
first p-type contact layer containing AlaGal-aN (0< 
aO.05) heavily doped with a p-type impurity on the side 
touching the p electrode, and a second p-type contact 
layer touching the first p-type contact layer on the 
active layer side thereof and containing AlbGal-bN 
(0<b<0.1) having Al compositional ratio higher than in the 
first p-type contact layer and doped with a p-type 
impurity at a lower concentration than in the first p-type 
contact layer. Further, an n-type contact layer touching 
an n electrode contains AldGal-dN (OOO.l). 
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(57) mm] 

\m^^m S141*<f63tlf-i^iSS*i3 7 0 nmet 

mist»-r-5tJ('p^^iM^^ii5j§ST^wr^A i. 

Ga,..N (0^a<0. 05) $r^^T/J:-5m 1 CO p 

t::mi©pSn>^$'i:7 H« tj* LTp^Tiiseti^m i co 
p^n>iS'i' h^<tOffiii«T'^*bA 1 SafiKtk^^mi 
Wp^n>5'i7 h^J;OFBit/iA U G a,.»N (0<b< 
0. 1) S:'g-A/T/j:-5^2rop^=i>:5'i7 hJSi:*^^)?^ 
^tftlTi^cO. ^?.tCnmSti«Tl>nlJ3>:$'i7 hJS 
Al.Ga,-,N (0<d<0. 1) Sr-^A/T/i^). 
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\z. pm^m.^^<^mmx'^^-t^A \ .G a,-.N (o 

^a<0. 0 5) ^^A>X-U^f^l(Dpm:n>^^ hm 

(DpMn>^i7 hSJ:OiiS</^A KGa,-tN (0<b< 
0. 1) &^A/T/^J:*m2«)pMn>^i7 hSi*^e,J^ 

^nSrJ>:$'i7 hg;*<. AhGa,..N (0<d<0. 

HtlfBp«Si:i*-r-&^l®pMn>iS'i7 20 
hMffl. p^^Mifel^: 1 X 1 0"~ 1 X 1 0"/cm' 

J^ife^ 1X1 0"ycm'&LT'^^VXtJ.i>Ct'S:1^m. 

ssi*^ 1 x« 2 \ztim.<D^itm^m«^^yty^ ^ 

[»*^4] BtifBp^r]>37^ Op 
S!n>:J'd7 he<73)KI?A^ 1 0 0 ~ 5 0 0 :^>i''X h D 
-AT$>0, $e.fC^2(73pSJn>:5'i' hg<^)KJ?*^< 30 
4 0 0~2 0 0 0:t>i^X h D-ATS>^ d i$r4#@lli: 

•r-i.«5^js 1 \ziEm.<r>^itii^^mi^9t^i$^'i ^- k. 

1 X 1 0"~1 X 1 0"/c m'-^*bTfi^C t*!tt 
K. 

»C. Al.Ga,..N (0<e<0. 3) ^^A^Xtt^f^ 
>i7^ hStC^FBltC. A l,Ga,.,N (0<f<0. 40 

<i^mt-r^mm^ i \ztEm.<D^itm^mi^^^y^ ^t- 

[0 0 0 1] 

(LED) , tf^'f:t-K (LD) . ;kl^ma!l, ^ 

±>D—uiz<o^ytm^, Siytm'f-iz^m^ti^^^im 

(I n.A l,Ga,-..,N. 0 ^X, 0 ^Y. X 
+Y^1) fCMU. ^\Z. ^Tttf-i'jfigdiS 7 0 nm 50 
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[0 0 0 2] 

■5. ««JA«, ^6 8^, ^2^ (19 9 

9) , p 1 5 2~p 1 5 5 \Z\t. -9-7r'f 7aiS±C. 
G a N;\*-y :77s. nS^G a N:3 ^-^J'i^ hJl (SM/P : 4 
wm) . nMA \ G aNi; yy )^m. 7>H-:/InG 
aNOffittS (I nmeKtt^ai:^^^^a) . pSiAlG 
aNi7yy\'B. pMGahSuy^i' hm mm:0. 

1 2 um) ^mm-^nxu^&im^mwm^mm-^ 

^3ttr-J7*^3 7 1 nmro«^tc«5!?tm;f3*i5inWT? 

lC«n§^R?/p^a>i5'i7 hg*^G aNT$>^;'c«)»'g 

s©iR*ifecD, ^^mi]t^^m\zik<u^^^Mim 
f&&<Dm^&{t^'^mt-r^k.«b\z\t. n^Rf/p^n 

>:$'i7h^$r. A 1 G aN<i:-r-5C:tTSE®JR*ESit 
T- S -5 d i: A^^l® ^ tlT ■& . 
[0 0 0 3] 

SE,©iRi&+»(CK±T$^.fI!g(rA 1 meKtbcTJiiSV^A 
1 G aNT:3>^'i7 hjlSr^:gS-ti--5<i:. ®S<hO^» 

<. A 1 G aN*^*!|^ttWtC F-/1> hcD^fitt'fkS:?!^ 

y:sL)\y5.m'SLo:>^mxm.miits.i>^mii(o 

5 e> nil < f<t S <D-t?«/^t t # 

[0 0 0 4] '^tc-^^\Z. n>^i' hH^G aNtLT 
@ |±J ^ -e- ^ 1^5 *i t ?i£ S i * ICS tb ^ -ii ^ C i: 

[0 0 0 5] 

jSS*t3 7 0 nmUATcO^TttS^-f ^-HT«« =i>^i7 
hST- S EKiR*^^ bT^Jtai:*J!*^{g;T bx b S p 
GaNtcJ:*ia®iR*B&lh-rSAcJe)tc, mzziy^^ip 
Vm^A 1 GaNi:bTfiKfi$-ti-i)i:^-5>i:7i«MO 
j£T**±b, ^ib\zii—^y^^f^^%^1tfsb\z^m<iifi 
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[0 0 0 6] -tzx. :^^m<ommt, 0i»fj.^-s.y 

[0 0 0 7] 

[gSaS;«ai-r-5fc«)<0^©] IP^. *^BJ«, TIE 10 
(1) ~ (6) (DmmzJir):^^m(DS6fj'S:mi&-t^Z. 

(1) a«±fc. '>;^j:< tfcn^g^ti^^^^S. S 

^tC*3I.^T, ftflfeffi14«*«, %7tt:-i'jS:SAi3 7 0 n 

#:Sa:bT. p«St^-r'i)piar]>^^ pti 
St^-r^ffiiHc, pS^«iEifeSriS!aiffiT#^i-^A 1. 
Ga,..N (0^a<0. 05) ^^AjX'fJ.^f^l <Dv> 
Sa>iS'i7 hSi, fltHBUl <DpSa>^57 h^cDffitt 20 

Op^n>:5'i7 hStj^bT, pl!^*e4&S: 
miCDpMri>^5' hgJ;Ofi;aaT^*b, $e.fCA 
1 i!S.I$.li.A^f^l<Dpm:ny^^ hSiOiSV^A KGa 
,-tN (0<b<0. 1) ^&^^-C^i:^^2(DpM3> 

ifso^mi^mthx. nmrntmr^nm^iy^^ hm 

75^, Al.Ga.-dN (0<d<0. 1) i£:-^^T;^C■5 C 

(2) flftiBp^ffii:aE-rsmiOTpS3>^'i7 he 

p^:^«i6'^$ 1 X 1 0"~ 1 X 1 0"/cm'-&# 30 

(3) ffJSBai2 0pSn>^'i7 h@*t. p^:^«ietl«: 
1 X 1 0" / cm'\>xr^m\yXUi,:it.^^WLt-t^ 

wsB (1) x« (2) \zti.m<nmm^mw^^y-^^ 

-Y. 

(4) mfBpM3>;5'i' hgC*ttS^l©p^3> 
^'^h^COMP*^. 1 0 0~5 0 0:*->i7'7. hD-AT 
$)<9> $'=)IC^2ropSJn>^'i7 hgOlKP*^ 40 0 
~2 0 0 0:t>y7. Ha-AT*4I.tS'#ai:T-SW 40 

83 (1) \z^m<omtm^m'¥^^%ir^^-Y, 

(5) MtBn^r]>^i' hSA^ n ^^^fifjSr 1 x l 
0"~ 1 X 1 0"/cm'^*LT^t-2)CiS:!tt®i:r 

■5*912 (4) \zizm.<D^im^mw5^%y-<^-Y. 

(6) tafBfSttai:nS=i>^'i' hl<i:©raJC. Al 
.Ga,-.N (0<e<0. 3) ^%k>Xfi^m\ 

HIC, fttllBfStt^ t pSa >5'i^ h 
etCDWfC, Al,Ga,.,N (0<f<0. 4) %^fo 

xfs.^$^ 2 ®ii{t«j¥«flsji*;fr-r ?> c t ^^mtt^ 
ttiiB (1) \z^m<Dmti^^m^^^y^^-Y. so 
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[0 0 0 8] -P^O, *§^BJ«, nS:3>^'i; hl^EI* 
^OA 1 mfi£tfcA^^>/ct^A 1 G a Nib, ^^.tC. 

A 1 ffl^itOiSI'^M2<0pSn>^'i? hei:*^?)}e«S 

ps^iise!^®]S<^iSi^^^ 1 ©3>3'i7 hii$.pii^ 

i^STSffltUgfiJcbTTi-SCilCtO, ^»fj:^-5 

0^»?i^Jtfcf-i7jSS*<3 7 0 nmfiATf^S^kft*^ 

lc*ViT«, p§yn >^i7 hSIctitt^ plJ^liEtlSffi 

p^Il>^i7 1 Wp^rJ^:*'^' hMii 

[0 0 0 9] *^B^#«- BtJlBbfe<t-5lC#tCi5®iR 
0|SS±®fciie)fwA 1 ffleK^-^S-tt-St. :=FMi^®^ffi14 
J; o T:t- 5 <y IS MO{g;T 5 1 €r S C f i m o 
fc;^tf*liTa'!r;^Wb;tM*, nSn>i$'i/ M^rtt 
S<7)A 1 ffifiXtfccOA 1 G aNtb, $ tC p >:^7 

t^r#;ifc. -^bT, *?8B^^tt, ±IBro<k5Jcp^^ 

iis6Jis*^iS< A 1 afiKtbcofai/ipmai^-r^m «p 

^20pS!n>5'i7 hHi:-epSn>:J't> KSSJ^sK 
b. $e.JCi|#^cDA I mfiKJt*^e.?:t-5nl2:3>^'i/ he 

[0 0 10] 2|s:^aj(ci3l,iT. ^1 cDp^r]> 

5'^hS*^ p^^i^<^^ 1 X 1 o"~l X 1 o"/c 
m'. Sf^b<tt5 X 1 0"~5 X 1 O'Vcm'-^Wb 
T/J-Si:. ASf/j::t-5yi7«<5!l!*t#5^t?»*bt». 

*%Bj{r*5(,^T. ll2<Dp^r3>^i7 hS 
dt, p^TFife^lbSrl X 1 0"'/cm'£(.T, j(f*b<tt 
5 X 1 0"~5X 1 0"/cm'-&*bT/j:St. 

i|#tt*iHt^-r-5fc*tpi!n>^'i7 heoiK;p*ff< b 

T=b, ieKiR^&B^ihT-^^-'i^TSf^bVi, 
[0 0 11] Sfc;^e.(c*^Bj(c:;teUT. pMa>^'i7 
hStC*5l+-5^1C0pM3>5'i7 he®)K/P*^ 100 
~5 0 0;f >i/X ho— A. WSb<ttl 5 0~3 0 0 
:r>i7'7> hP-ATfe-5i:> pm^m^m&^'0i<'UX 

^M^&SffiTs::t**-e#> $e,(c^2(75p^=i>^' 

i7 h«(75]^J?*^ 4 0 0 — 2 0 0 0:t>y;^ hn-A, 
SfSb<«8 0 0—1 2 0 0^>i/7> ha-ATab-5 

©ICi?*bl/>. 
[0 0 12] MJC. *5|B^«, A 1 €r•&^T;f^c5nSn 
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>3'i?h@*^> nSTM#lSS*^ 1X10"~1X1 

O'Vcm'. $f^L<«lxiO"~lxiO"/c 

[0 0 13] HIC, HfftB?ittlinM=i>i5' 
i7h^t(DPBl(C, Al,Ga,.,N (0<e<0. 3) Sr 

tt^<i:p^3>t5'i7 hlicorelfC, Al,Ga,.,N (0 

<f<o. 4) =f^AjTt£^^2<D^it<^¥^miifm^m 
^mikuw, 2 n« A i m.f&\t 

Sbti. fjiem 1 «S^b^¥#<^®BLi/^^ 2 ©^<t;i^* 

CO 0 1 4} 

\zmm\zmmr^, m i \t. ^mM(D-'mm<Dmm-r^$> 

S«l±fC. Ay7rl2. Al.Ga,-aN <0<d< 

0. 1) ^^/uX'U?>nma>^^ hms. Al.Oa 
,-.N (0<e<0. 3) S:^^T^C^nM^7•y h*^ 
4> In.Ga,..N (0^g<0. 1) Ofgtt^S. A 

1, Ga,-,N (0<f<0. 4) i^/u-^U?>pmi^^ 
yHS6, AKGa,..N (0<b<0. 1) Sr■^^T 
;^£-5B2 0DS!=i>5'i' hS7 bt. Al.Ga,-.N 

(0^a<0. 0 5) S:■&^-enc5ml<DpSn>:S'i/ 
hS7 ai:*^6.;^j:?)p^a>3'i^ 7 
XtlK). ^Jttf-i7»S;0t3 7 0 nme;TOS{t;'^^J» 

i7hm7 ai-SLTpfiSA^-en-^njgfig^nTv^^, 

*-r. *#Bj(Dn^a>^'^ hS3R(ytplKn>^'i7 h 

[0 0 15] [nM3>^'i7 he3] *^l^»3t3l/iT. 
n^=i>:5'i7 hSSiUTtt. iJ>?5£< tfcA 1, G a,.. 
N (0<d<0. 1, »^L<«0. 01<d<0. 0 

5) ^•^/yX'ri^^itm^mi^mx$>^. AimBKit*^ 

^3tt. nS^Fi^ftSrl X 1 0"~1 X 1 0"/c 
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m'. <if*b<«l X 1 0"~ 1 X 1 0'*/cm'roSg 

X'^mi-x^^^^t. yi--s.yi7i^m<nmin^ ^yy^^ 

Sn>^'i7 hg^-tSfiKT^A 1 MfiStbinM^i^tljgS 

3«)Mff«. !Nf»;:IS$$n:^j:Vi*<. 0. l~20/im*« 
10 if *b<, J;i3jff SL< « 1 ~ 1 0 I^J¥*^ 

[0 0 16] [p^n>^'i' hS7] *^B^tci5ViT. 
pS^:3>^i' h^7 tbTli, >PU<h-hp^mt^-t 
•5 p li^i|sfit)©a^*^iiS < A 1 mfi£lt<75{£i,i^ 1 (Dp^n 
>^'i^hg7at. pS^i^!il?gS*^<£< A 1 ffifiKJtO 

20 2a»«>HTp^n>^'^ h^7 ^fl^fig-r-S^tCi: 

ro)KPlCpi«n>^i7 M^rl^fi-rs^-g-. ^2(0pli 
n>^'i7 h@ 7 bcDtt;f ^J¥< LfcJS-&lrfc. A 

•9. pS!n>5'^ hS7T-«< ■^-^y'P^ft^^^tz 

/j*^ 6. m^'»\±o:>mnx^^mm\zmmim^-ri>tciso 

30 {CMlC0p^n>^i7Mi7 aRtKm2rop^=i>^^ 

hmi biz-z^^^xmrnr^, mi wp^3>5'^ h«7 

att. ||2 0pSn>^'i7 ha? bfclt'<T:i^|iE«Jlia! 

[0017] c:(Di-5;^smi WpSa>^i7 hS7 at 
LT«. Al.Ga,-.N (0^a<0. 05. $f$L.< 
tt0<a<0. 0 1 ) 1&-^^T-3^i:4g^k!^^«#:»S:# 
A lSafi£l:b*^±f35gfflT$)^tpSI 

*KiJ:T#> pmmt<DS.tii-u^-s.yi;m^in^:i 

40 td^T^jff^bOi. Sfc, |llOpl!n>iS'^ M7 a 

fc, mi«p^3>5'i' h^7 aOA m^tkt4> ±bB 
l£HF*3T. m2©pl!rJ>3'i7 hS7 b(DA 1 JiafiKJtJ: 

'0{&<rj.^^z>\zmm-$n^. 

[0018] mi<DpM:n>^i; hmi a<Dpm^Wi^ 
m\Z\t. 1 X 1 0"~1 X 1 C'/cm". $fSL.<« 

50 5 X 1 o"~5 X 1 o'Vcm'T*.*. pm^mmm 
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m<^mmr'$,n\i^<. m^ifMi^m\z\t. ioo~5 

0 0:^>yxhD-A, »*U<(il 5 0~3 0 0:t> 

z.(Dj^:^ummT$>^t. Aim. 
T^, ^ib\z. pm^m^^^T[smz^mLxAmu:t 

CO 0 1 9] 'A\Z, ^Z<Dx>m^>'^^ hm7 hlzX^X 
\t. AUGa,-bN (0<b<0. 1. »*L<«0. 
0 1<b<0. 0 5) *^^-C)^J:?>a<b^^¥^<*:BT^) 

<0«^a:|Sl#fcga!R'RWlS^il:W,-*CTjif*b<, ^ 

m2(DpS3>^'i7 h)i7 bcOA 1 mfifett^. ±fS«effl 
F»gT-^l(DpSn>3i'57 hJl7 a j;D^</<£-5J;5JC8^ 20 
^2Wp^n>^i7 hg7 bOp^^Mi^ai 

^2Wp^a>^'i7 hS7 b^^p^SrS^-rSftlC 

X 1 0"/'cm'i!i^T> »Sb<«5x 1 0"~5X 1 
0"/cm'T$.-£.. pMm!fejS«*i±fS®'Ht?*-5 

\t. ±|BieHrtT-^l«p^n>^^ h@7 a j:0{g;jg 

[0 0 2 0] ^2 ropSr]>5'i' 7 bO)K/*tbT 30 
«. # (rPI^$n/j;<^^*^\ m2cDp^n>iS7i7 hg7 b 
0 0~ 1 2 0 0:t>^X hP— A. jif*U<tt80 
0-1 2 0 0:t>i^7, hD-AT».i). ^2(OpS=I> 
hH7 b<D!^j¥*^±BB®HT-2.^i. @E.®iK«rR^ 
ih L- ;^)^ e. Ittt S *t»T $ S cDMJ? ic l^fiT 
pSa>5'^ hg7 »C^*$n-5pS! 

[0 0 2 1] Z.Z.X, x>M-3>i'i; vmi %mi^ 
•r-5^1C9plfn>iJ'i' hg? atm2 0pS!3>5'i7 40 
hB7b«, ±fa{cs^bfcJ:5t::. ^«i6<^58«-^A 1 m 

Tlli©p^n>^i7 hH7 aAi, m2©psa=i>3'i' 
hB7 blt^fbT, ^»e!^JS«*«S!<TA 1 mfiKJt*t{S 

T^^o <SfC« p^3>:$'i7 hS7 A Uifi£J±W« 

\z^'E.m.'\5L<om±<Dmm^m<bnm<tj:^. ps so 
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a>i5'i7hH7«, pM^|iE!^iSS7itS5< A 1 ^fiKtk© 

/h^i^i^ 1 Wp§a:3>^i7 hm? a\z^0§.tti^ti-t-3. 
y i7 6 n. p HJ^F^ifii^rgig^qg; < A 1 mfiStbA^ 

:*:#Vim2 0p^a>^^ hS? b fcJ; 0 SSKIX^rK 

MI7 a^^2CDp^n>^i7 ha7 bi(D«*^1S»W 

HT 0 . * fc^^ «ig W p J; 0 tc p ffiij 

[0 0 2 2] */t$e.lC. ±tEcDJ;'5fCnSn>i5'^ h 
J±tcj!ni;lT^*6tij8a*1#^T-5c:<t. Jd^t, pUn 

mi©psin>37i7hi7 a i p 3«^iie<^rSft*^<a < A 

1 StSKttc0^5V^^2©pSaD>^'i7 hS7 btX-m^-f 

[0 0 2 3] Mtt, J!i^TtcS^i£«fiK-r«>-e-0<a©=&S 

7C®, R®XttA®Sr£ffii:-r-5-9-7r-1'7. ^© 
fifi, Xtf^-.;!^ (MgAl.O,) WJ;5;^*fe^tt<^*«<^ 
ffi, S i C (6H, 4H, 3 C^'&tr) , Si. Z n 
O. GaAs. GaN^W¥»#:«1S*ffl^^SC<»:*iT 

[0 0 2 4] [A'y7TB2] *^B^»r*3liT. 
7a2tbTtt. Ga»Al,..N (fibh«0<h^l 
W^fflT*^. ) *^e>^J:5.S{t;«^*^#:T'$.0, »*b 
<«A 1 ««iJ^5!|J/jN$Vi3flfi£«£«Sfi14®5Jc#*^S^'t 
T^cO. j;D»*b<ttGaN*^e.;^«>Ay3'rS2Ai^ 
tfe.tl?). /\*-y7 7Ji2(7)^JPtt. 0. 0 0 2-0. 5 
Mm, $fSb<«0. 005-0. 2m m. M(C»*b 

<\to. 01-0. 0 2 um<^i^m\zm&-t^o J'^yy 

rS2<7)IKJ?*^±IB«6HTS>5t. g{bi^¥9l^©^a 

=^y:tOi^—/)i^pfiFhfiK). A'-v7TS2±lCfi£S$-B- 

2 0 0-9 0 0"C-C$>0, jifSb<(i4 0 
0-8 0 orwieHtcSlS-tS. ^SMST&^ilBteHT 

Jf{CT#j(f*bVi. ^fz. :L<DJ^otj.i&m.X'fS.^^ii^ 

IBSbTfeJ;Vi, 
[0 0 2 5] [n^n>:J'i7 hg3] ±IBODnM^i^i^ 
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[0 0 2 6] [nSi7 7>;/ H14] *%Bj(ct5l,iT. n 

*LtiffifiKtbT«, Al.Ga,..N (0<e<0. 

3. ffSL<ttO. l<e<0. 2) (75t><7)*i*lf ^tl 
•5, n^i'^-yh*®*^ Cl<oa;-5/^iA 1 G a NtJ^^tJc-S 

mcf ^ y VM<Dmm\t. f^\zm^ttiu^^m^ »sl< lo 

«0. 0 1~0. lAtm-efeD^ <tO»*b<liO. 0 
3~0. 0 6//mT'$>-£>. n S 7 <;/ H S © n Sl^MlJ 
iS*«. #tfSS$nfj:(/i7&<. ffSKKlxi 0"~ 
l X 1 0"/cm'T-3bO, ±0»*b<«ixi0" 
~ 1 X 1 0"/cm'-t?$>^. ^i&E^SlSyOiClW^HT- 

[0 0 2 7] nSi'^yHS^, ±IBOJ;5?:t*-S© 

•y 7^X^;i/^— (D/hSUSi:bT«, I n. Ga,-.N 
(0^k<l) , AliGa,-,N (0^j<l. e> 

7&n 0 0:t>i'XhD-A«T, »*L<1*7 0:t>i7' 
XhD-Ag-^T, <tO»*b<ttl 0-4 0:^>i/X h 

> h'=^^Y-y7'x:^^;i':¥-(D/h$Vil;i'>'5^cC-2>^S)KBT? 
&-5>«^. A> H^i- ■;/7'x:?^;i/^-05;*:€rViSSyt/jN 
$ViBcDiJ>fi< ifeVi-rn*^— :)^lc:nMTMi^^& F-:?' 
$-arTt><tVi, A'>h'=¥-\'-;/7'x:^^;P^-(?3;^g- 

[0 0 2 81 tfg14B5] *f8l^lC*3ViT. fgltSSt 

m^(o^^tm^mmmi-f<E>tii>. »sl.<«i n.G 
a,..N (o^g<o. 1) o^^im^mwimifibn 40 

tfe.n, 09A«»*b<tto. ooi~o. oi/xm-x? 

*f9> ckO»*b<«0. 0 0 3-0. 0 0 7 MmT$> 

(c. ±ffil n,Ga,..NS#FBtbT, 
OA*>H=¥-\"yyx;?.Jl/4=-At;*c#t^fflfiK7!(^eXc*WI£ 50 
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[0 0 2 9] mtz. m'&mcO I nMfiKttrol^StbT 
tt. , ^7ttf-i^id2ft7i^3 7 0 nmtATt I nM^ 

tl^Tcib, ^&(DX.:^A=^- (EA) *nnGaN©n 
>K^-vyyx^^;i/4=- (Eg) J:Ofc;^^<;^tO, If 

[0 0 3 0] m^nmomn^^ 

Eg= (l-x) 3. 40+1. 95X-BX (1- 
X) 

(nm)=1240/Eg 
Eg : I nGaN#F®CDA>K=^^-^-;':/x:?.;U^- 
X : I nCDfflBEtk 

3. 4 0 (eV) : G aN(0A•>K^•\'^y7'X^^;^^- 
l. 9 5 (eV) : I n NO/N'^ F^-V >;/ T'X^^.JP^^- 
B : 5p— 'f >i^A^>^-:5'-SrS^b, l~6eVtT 

ftjfi«W^T«. S I MS^i-tlTJit**^^. 
S*-;5^7:£Vii:<g^bT 1 e Vi^tlTV^it*^, I niifl^ 

[0 0 3 1] ±.t^<D ^o\Zpt'Wm<D SI US ii^mts.^f>^ 

[0 0 3 2] [pMi'^y HS6] 2|s:?«BJf-i5liT. p 
K«6 tbXtt, SttS5(0/'t>H:^•^'■;/3^X 

«J 7 © IB U iiJ&diT ^ -5 %> <0T »n«i|t tCfSJg $ tl^j: 

»*b<«, Al,Ga,.,N (0<f<0. 4, » 
*b<«0. 15<f<0. 3) CDfc©75^*tfe)n-5. 
p^i'^-y h*a*^. CC0J;-5ScA 1 G aNd^e>i^t-i)i:v 
S14B'\©:^r^'J7«)gBUji«e)0D,'SlT»*bV^ pSi? 

0. 0 1-0. 1 5 AimTfeO. J;«3fiF*b< «0. 0 
4 — 0. 0 8MmT-*-5. p^i'^^y FScDp^^M^iJ 
jgffitt. !»»rK5£$nfj:t^*«, »^b<ttl X 1 0'*~ 
l X 1 O'Vcm'TfeO, b<«l X 1 0" 
-5 X 1 0"'/cm'T«>-5. plJTiis6!^iSSd^±t2«S 

{£T$-e-«.-^T»*bl/J. 
[0 0 3 3] pSi7 7>yKBtt. ±fS<0i-5?i¥-SO 
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^mmm(Dm'^\i. ±ibcoa i,Ga,-,N<i:. "tn 

m-^tmm^Z. I nKGa.-KW (0^k<l) . a h 
Ga,.|N (0^ j <1, f> i) fJ^^^f^^^o 

S b<fil 0-4 0:^>i/X hD-A<h. 10 

[0 0 3 4] [pi!irF>^i:7 hS7] ±S2cOp^^«iEi^ 20 
[0 0 3 5] ^fc. *5SBJJw:fe(r^T, pmSRO^nSffi 

[0 0 3 6] ^fc. *^0>^om^tt. pfflijgSrp^ibb 

TX-U >i/5a31chLTi^, !NrWm2 5 4 0 7 9 1 

*jfi1^;0^F-7'$nfc^{b:tf U»5'AlS^fc'&%¥^gi^^^S 
*®MJC7KS^^^?5:i.^l?ffl^4'. 4 0 0r 

pm\z'r^:^m^m-f^n^o 40 

[0 0 3 7] 

[iiM^^'j] uT\z. :^^B^o-'mm(Dmmx$>^mmM 
[0 0 3 8] mmmi] mmmi\^. mio^im^ 

Si§[^JC*5l^T7K^^H^*. 1 0 5 0*CT^®<^i7U 

-X>i7^*fTP« 

[0 0 3 9] (A*u/:77@2) m^^X. *^S?H^*. 50 
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5 10t:T> 7>^x7iTMG ( h U ;<^>'l^:tf U 
A) ^ffll^^ aiSl±t::GaNcfcO?i^/N*^y7TJi2 2r 

JiU2 0 0:t>i^7. FD-ACOMilT^g^-t^^o 

[0 0 4 0] (n^=i>^i7 hS3) :;^:fci 0 5 ot:T 

TUG. TMA (hU^^;U7;U^n>5A) , 7>^:X 
7. >-^> (S i a) SfflV^ S i S:5 X 1 0*Vc 
m' F-yL;tn^A I o. 04 G ao. NcJ: D^iS nSin 

[0 0 4 1] (n^i7^^> F14) :*:fCl 0 5 OrTT 
MG. TMA. 7>^XT> v^>S:fflV^. Si*5X 
1 0' Vcm' F-yUfcnliA 1 o . . . G ao . > 2 N J; 0 
;^i:'5n^^^'y F/i4^4 0 0:t>i?'7. hD — AOMif 

[0 0 4 2] (ii\±ms) :k\zmmnmn.^> 70 or 

TTMI. TMG. 7>^X7^fflV^ 7>F — T^In 
G aNctOSj:^ffittS^ 5 5 :t h a- ACDJ^JST 

(^5i:^^:•i^P) X$)^o 

[0 0 4 3] (vmi7^y\^m6) 'j^\z7Kmnm%^^ 

lOSOrTTMG. TMA. 7>^X7> C p, M g 
(£x/7D-^>i$^>?XX;l/"7^:^v'i7A) ^m^"^. MgS: 

1 X 1 0"/ cm' F-^bfcA \ ,.^G ao.*N^DU 
^vM^^y FJi6S:6 0 0 :t>^X h n— AOlKffT* 

[0 0 44] (p^3>^^j7 h@7)*^liT. X>Mi7y 
y\^m^±.\Z. TMG. TMA, 7>^X7> C p, M 
g^ffll^T, Mg^ 1 X 1 0"/cm' F^-T'UycA 1 
o.o4Gao.s.NcfcO;:£^m2CDp^n>5^^ h^7 
0. 1 /zmCDSSPTfiJcS^it. ^<7)». XtOSSfiSria 
SLTMg=^ 2 X 1 0*'/cm' F — ybfcA 1 o. o. G 
ao.9,NJ:0:^cJ:^ll2<Dp^3>^i:7 hS7 bSrO. 0 

[0 0 4 5] ^:g»^T«. ^5^358^4'. r>a^-A*R 
JS^§§F^tC*5l^T. 7 0 Ot:T7x--U >^^ff p 

IXOWL. M±M<^pl!:3>^i7 FH7 

fl^i^<Dvxi7 4jgfiS;b, RiE (Si5i4'i'^>xu/^> 

iT") ^HTpSJ3>^^:7 ^S»^^>X^;/5^>i?'S:^T^^^. 
HI \z^^^o\Znm::yy^ 3 

[0 0 4 6] x-/f^>i7^«, S±gtc:*^pli:3>5^i7 
FB7 0^1 cDp^a>5'i7 hH7 a(7)t5^^^®fcMiP 

2 0 0:t>^X FD-ACDN i i: A u ^^tJ^S^ttt^^ P 

mffist, ^<r>i>mMS(D±.\zi?^y'r^ yifm(OAu^ 

:g>. -^x^y5">^j7^lcJ:«9^l±i^"ti'fcnMr]>5^i7 Fffi 
Z(D^m\zWNhA 1 ^^OnmS9 Sr?gi?£*r^o 
iCpmffiStZ^SSSr^S-r^fcftfCS i Oxi^K^U^m 

T3 5 0 /xm^lOLED^^'ii-rSo 
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[0 0 4 7] CKDL ED^^^lJllS;5f^SEE2 OmAtCiD 
t/^T. ^3tlf-^:7}&S7&t3 7 0 nm«:*U, Vftt3. 
8V, mi3\t2. OmWTfe^o ^iSF'J 1 <7:) L E D (7^7^ 

® iR * l»it T # -5 <i: tB * ^ ^ ^ C ^ 7&^*T 
CO 0 4 8] 

iR*KlhLT7¥:lXDaib?;!)^^f^±$-t^. 3 7 0 nmJW 
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1 • • • 

2 • • • /N*>7:7rS 

3 . . . nSa>:$7i7 h« 
10 4 • • • n^i^ HJi 

5 • • • fseii 

6 . . . p3!i7^^:/ FS 

7 • • • pM=3>r$^:i7 hi 
7b- • • ||2<^pS3>37i7 M 
7 a • • • m 1 OpS3>5^i7 
8 • • • pSffi 

9 • • • nms 

10- • • Z'^^;/ HUffi 



[1^1] 



1 0 



